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Common Name: B Tri;l?ﬁyr
Chemicgl Name: 3,5,6—trichloro—2-pyridinyloxyacetic aciad
Major Trade Names: Garlon 34; Garlon 4

Major Applications Used on an experimental basis in the Northeast, the
in Forestry: Pacific Northwest and the South, primarily in site
preparation and occasionally in conifer release for
woody plant and broadleaf weed control.

SUMMARY

Triclopyr is a relatively new herbicide which has been commercially
available only in the past few years. Accordingly, very little data are
available in comnection with its efficacy and envirommental fate and impacts.
The limited available data are largely from laboratory and/or field studies
conducted by the manufacturer on non-forest systems.

The mechanism of triclopyr uptake by plants 1is through both leaves and
roots. It induces characteristic auxin-type responses in plants. Triclopyr
is not considered a persistent compound in soils; it degrades rapidly, with
an average half-life of 46 days. The major route of degradation in soil is
via microbial decomposition. Degradation of triclopyr dces nmot occur to
any appreciable extent via chemical hydrolysis or other chemical routes in
soil. Triclopyr losses due to volatilization are not appreciable.

Triclopyr is considered a mobile herbicide. Leaching and desorption
are lowest in soils with high organic matter content. Because of its mobi-
1lity and rapid desorption from soil particles, some loss of triclopyr due to
solubilization and/or runoff may be expected following field application.
Although it is stable to hydrolysis in aqueous solution, triclopyr photo-
degrades rapidly with a half-1ife of 10 hours at 25°C.

Triclopyr can cause injury to conifers, particularly at high rates of -
application and 1is not generally recomended for conifer release. When
applied directly, it exhibits phytotoxicity to agricultural crops. - Triclopyr
has low toxicity to fish and lower aquatic organisns and does not bioaccumu-
late in these species. It exhibits low toxicity to wildlife and is con-
sidered non-toxic to soil microorganisms. -




1.0 INTRODUCTION | o o .

Triclopyr ‘is an auxin—type'herbicide for the control of many woody
plants and annual and perennial broadleaf weeds. It ‘has only ‘recently been
registered for use in forestry and it 1is used primarily on experimental
rather than commercial scales for site preparation (1, 2 3) and occasionally
in conifer release (4,5). These uses are in the Northeast, the Pacific

Northwest, and the South (5,6). It is not registered for use in California

3.
Northeast and South, although it is estimated that about 100 acres in

No quantitative data are available on the extent of the uses in the

Washington, Oregon and California were treated with triclopyr in 1979 (about
only 5 of the 100 acres were in California) (3). Due to production capacity
limitation, the use of triclopyr in certain regions has been restricted by
the manufacturer (Dow Chemical Co.) to extend the supply and make it avail-
able to new potential users (3). Most current experimental uses in the
Pacific Northwest are ground applications for stump treatment and tree in-
jection (4,7). Recommended rates for aerial spraying are 2-3 gallons/acre
(Garlon 3A) for broadcast appliéation by low-volume ground or helicopter
equipment, and one-half to one gallon/100 gallons water for high volume,
full spray coverage (4,8). Triclopyr may be used in combination with 2, 4-D,

Tordon 101, Esteron 99, or DMA 4 for forest site preparation (1,9,10).

According to the manufacturer, triclopyr is effective for the control
of the following woody species: alder, arrowwood, ash, aspen,‘beach, bixch,
blackberry, blackgum, cascara, chamise, choke cherry, cottonwood, crataeéus
(hawthorn), dogwood, elderberry, elm, hazel, hickory, hornbean, locust,'
maples, mulberry, © oaks, persimmon, pine, poison oak, poplar, salmonberry,
sassafras, sumac, sveetbay magnolia, sweetgum, Sycamore, thimbleberry, tulip
poplar, willow, and winged elm (l 11).

burdock, chicory, curled dock, dandelion, field

Among the annual and perennial ‘broad-
leaf weeds controlled are:
-bindweed, lambsquarters, plantain ragweed, smartweed, vetch and wild let-

'tuce (1). It is not effective for control of most grasses.’

Triclopyr is also recommended for the: control of woody and herbaceous

weeds in non-crop areas including industrial manufacturing and storage sites, .

and rights-of-way such as electric power lines, commnnication 1lines, pipe~

lines, roadsides and railroads. Triclopyr induces characteristic auxin-type
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responses in plants (8); i.e., it regulates ldngitudigal cell structure so
as to control bending of the stalk or stem in phototropic rE§ponse§ (12).

It is absorbed by both leaves and roots, and is readily translocated through
the plant (8). Maximum plant response is achieved when application is made

soon after full leaf development (8).

Triclapyr is manufactured by Dow Chemical USA, Ag-Organics Dept. (13).
It is produced in two major formulatioms (8): Garlon 3A and Garlon 4.
Carlon 3A contains 44.4 percent active ingredient as the triethylamine (TEA)
salt, which is equivalent to 31.8 percent acid equivalent and is present in
the formulated product at 3 1bs acid equivalentlgallon.' This water-soluble
formulation &lso contains methanol. Garlen 3A i{s also available as Experi-
mental Herbicide M-3724 in areas where the Garlon 3A label has not been
approved (8). Garlon 4 is an oil-soluble water-emulsifiable ethylene glycol
butyl ether ester (EGBE) formulation containing 4 lbs of triclopyr acid
equivalent/gallon (8). Surfactants may be added to Garlon 3A formulations
to improve its effectiveness (i). Water is the usual carrier for foliar

sprays; fuel oil is uséd for basal sprays (14).
2.0 PHYSICAL/CHEMICAL PROPERTIES OF ACTIVE INGREDIENT

The active ingredient of triclopyr is 3,5,6-trichloro-2-pyridinyloxy—

acetic acid:
cL_Z _C1

i 7
N o-ci,~cZ

N

1t is a white, odorless solid with melting point of 148-150°C. Solubility E

»

in various solvents.at 25°C is (14):

Solvent : g/ml . Solvent g/ml
Acetone - 98,9 . p-hexane  0.041
: Aqetqﬁitrile 12.6 n-octanol 30.7 -
Benzene - 2,73 " Xylene 2.79
Chloroform 2,73 Water 0.043

‘'Vapor pressure data are shown below as.a function of temperature (14):
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Temperature mm Hg -

o2 T 1a2exwTt T - .
40 5.30 x 107° N
so - . 1.03x107
70 1.046 x 1074

3.0 ENVIRONMENTAL FATE

Being a very new pesticide, the fate of triclopyr in the environment
(especially the forest environment) following application has not been the
subject of much scientific investigation. The very limited data which have
been reported are from studies performed or sponsored by the manufacturers

and’pertain to non-forest environments.
3.1 UPTAKE AND METABOLISM Bx PLANTS

Limited studies have been ccnduéted on the uptake of triclopyr by plants.
As noted previously, it induces auxin-type responses in plants. It is ad-
sorbed by both leaves and roots, and is readily translocated throughout the

plant (8).

The effects of photoperiod and temperature on ‘the translocation of tri-
clopyr were studied by Radosevich and Bayer (15) on tanoak, snowbrush ceano-
thus, bigleaf maple, beans and barley. Translocation of triclopyr was
observed to be greatest under warm temperatures and long-day photoperiods.
Witﬁ golder temperatures and short-day photoperiods, movement was great;y
reduced. Following application directly to leaves, triclopyr was obseréed
to move readily in the symplasts, with the preponderance remaining in the
shoot. Applications to the roots resulted in very little apoplastic mobili-
ty. In a subsequent study on aBsorption of triclopyr by tanoak, greater 2
amounts were absorbed by immature leaves than @ature leaves and by abaxial

surfaces containing large stomatal densities than by axial surfaces (16).

No dati are available on the metabolic degradation (if any) of triclo-

pyT in plants..

3.2 FATE IN SOIL I

In general the fate of a pesticide in soil can be described in terms of

six factors: velatilization, photodecomposition, adsorption/leaching, run-
off, and chemical and microbial'degrada;ion.' Although actual field -data are
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‘unavailable, volatiliiéiion'is not considered to be a significant:;ontriﬂhtor
to the loss of triclopyr follpwihg‘aéﬁlication becépse of ;bé very low vola-
tility of triclopyr -(see Seciionrz.b).' ﬁo data are availaBle on the photo-
degradation (if any) of triclopyr in soil. However, based on photodegradation
data for water (see Section 3.3), it is likely that photodegradation of
triclopyr may occur in soil and from foliar surfaces. The adsorption/leaching
and degradation data which have been submitted by Dow to EPA in support of
registration applications for various uses of triclopyr are discussed in the

following sections.

3.2.1 Adsorption, Leaching and ﬁunoff

Triclopyr 1s considered a mobile herbicide (9). It is rapidly and re-
versibly adsorbed on soil particles. The extent of adsorption is primarily
a function of soil type. Soil organic matter is the principal soil parameter
responsible for adsorption, with increasing soil organic matter resulting in
increased adsorption (9). Several laboratory studies have been conducted on
the adsorption of the 140 labelled triethylamine salt of triclopyr by 12
soils (17). The organic carbon content of the soils radged from 0.081 per-
cent to 21.7 percent. Adsorption coefficients Ka and Kbc were measured and
ranged from 0.016 to 14.5, and 12 to 78, respectively, 4ndicating mobility.
In a study using 3 soil types, the principal degradation product of triclopyr
(triéhloropyridinol) was found to have Kd and Kbc adsorption coefficients
of 0.63 to 5.64 and 114 to 156, respectively, 4ndicating low-to-intermediate
mobility (18) . No quantitative data are available on the effects of pH on

triclopyr adsorption; because of its weakly acidic character, however, ad-

sorption 1s expected to be favored under acidic conditions.

The adsorption capaﬁity of a given soil typé affects the poteﬁtial for

‘ leaching of the herbicide from soil. Based on available limited data, it
appears that triclopyr is'leachablé but that leaching should be less pro-

nounced in soils ﬁith-high organic matter content than in soils with lower
organic matter content. Results of a leaching study using a low organic
matter content soil (loam sand, 0.62 percent org&nic carbon) leached with
0.5 inches of water per day for 45 days showed that 75 percent to 80 percent
of the triclopyr leached through the 12-inch soil column betweéﬁ days 11-15 .

(19), The trichlorqbyridinol~degradate was found:-to be signifieantl& less
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- leachable; while the triclopyr moved through the.column after about 7.5
inches of water were applied, the degradate required 13 inches of applied
water to completely pass through the column. In a study of 6 soils under
test plot field conditiom in 6 states, small amounts of triclopyr and its
dcgradates were observed in the 6-12 inch and 12-18 inch soil layers between
28 and 56 days following application of Garlon 3A at a rate of 3 gallons/
acre and normal rainfall conditions (20). The trichloropyridinol degradate
was less leachable and showed maximum residues in the 0 to 6 inch soil layer
between 28 and 56 days after application and declined thereafter. The tri-
_chloromethoxy pyridine degradate remained around 0.1 ppm or less at all
_sample_intervals. The six soil types tested were Tiffon, Georgia loamy sand;
Fargo, ND clay; Corvallis, or hazelaire comples; Benchley, TX clay to clay
loam; Arthurdale, WV unspecified soil; and Laramie, WY Forelli fine sandy

loan.

Because of its mobility and rapid desorption from soil particles, some
1oss of triclopyr due to solubilizationm and/or runoff may be expected fol-
lowing field application after rainfall. This was confirmed by results of
several small-scale water monitoring programs in which residues of 6 ppd
were observed in runoff water 5 months after application and 1 ppb was ob-
served 9 months after application of 3 lb/acze triclopyr as the triethyl-
amine salt, and after 150 cm of natural rainfall (21).

3.2.2 Chemical and Microbial Degradation

Triclopyr is not considered a persistent compouﬁ& in soils. Laboratory
studies have shown that triclopyr is decomposed quickly by soil microorgan-
isms (9,14). Microbial degradation results in the formation of 3,5,6-
trichloro-2-pyridinol and trichloromethoxypyridine (9,22). The average <
half-life in soil 4is 46 days with the actual value dependent on soil type
and climatic conditions (14). Studies on the aerobic soil degradation of
radio-labelled triclopyr indicated degradation to +richloro-2-pyridinol with
a half-life between 79 and 156 days at 15°C, and less than 50 days at 25-35°
(9,22,23).- The trichloro-Z—pyridinol subsequently degraded to-trichloro-
methoxypyridine, and- eventually to CO2 with 7 to 30 percent evolution of . CO2

at 375 days. Half-lives of these secondary reaction products and the degra-
dation mechanisms have not been determined. The microbial degradation of
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triclopyr was shown to be appioxtmatgly 5 to 8 times slower undér anaerobic
“conditions (i.e., waterlogging) than under ‘aerobic conditions in a study o =
using Illinois silty clay loam and Mississippi silt loam at 25°C (24). 7

TrichlorbpYridinol degradation-has'been shown to yield mostly carbon
dioxide and some trichloromethoxypyridine (25). Tests with 15 soils from 10
major agricultural areas have indicated a half-life of 8 to 279 days for
trichloropyridinol. Twelve of the 15 soils showed half-lives of less than
90 days. Two unidentified degradates were found at 1.8 to 6.5 percent of
the initial radiolabelled trichloropyridinol. When the other degradate of
triclopyr, trichloromethoxypyridine, wés studied, results showed extensive
degradation to carbon dioxide with estimated half-life of SO-days in two
soils (Commerce silt loam and Flanagan silty clay loam), but more than 300
days in another soil (Yoho loam) (26). Trichloropyridinol was also found as
a degradate of trichloromethoxyéyridine.

In a study by Norris, et al. (27) of the fate of triclopyr on small
hillside pastures in southwestern Oregon applied at a rate of 3.36 kg/ha,
triclopyr residues were 350, 172, and 65 ppb at 6, 9, and 12 months after
épplication, respectively.

Degradation of triclopyr in soil does not occur to any appreciable
extent via chemical hydrolysis or other chemical routes (9). Laboratory
studies using a silt loam soil have 4ndicated that triclopyr does not .degrade
in sterile soil, but does degrade rapidly in the same soil when it is not
sterilized (28). )

3.3 PERSISTENCE IN WATER

Several laboratory studies conducted on the persistence and degradation
ofvtriclopyr‘in water have;indicated triclopyr is stable to hydrolysisé in
buffered solutioms for periods up to 9 months at pE S, 7, and 8 and at 15,
25, and 35°C (29). Several photodegradation products, including 3,5,6-

_trichloro;z-pyridinoi and‘Z-methoxy-3,5,6-trithor0pyridine, were formedfin
minor—amoupts'(less‘thah one percent). Chemical;ﬁydrolys;svis thus not ex-
pected to be a major paﬁhwﬁy of triclopyr degradation -in the aqueous envi~

ronment.

The rate of :riclcpyi photodegradation in water @é rapid in botﬁ natural
sunlight and in the laboratory; half-life is 10 hours in water at 25°c (14,
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30). The first degradation préddct-isﬂgricﬁioropytidinol, which is f;pidly
degraded to vgrious‘pyridine polyols formed via photolytic hydrolysis of the
-ring chlorine a;oﬁs (30). ‘These primary and secondary photoproducts are
futther;deéradeﬁ:in,the'aqﬁatic eivironment. Thus, photodegradation is a

major pathway for the dissipation of triclopyr in aquatic environments.
4.0 IMPACTS ON NON-TARGET PLANTS AND ORGANISMS

At high application rates, triclopyr can cause injury to conifers and
is not generally recommended for conifer release. In a study of the aerial
applications of triclopyr and other herbicides in spruce-fir forests of
Maine (31), Garlon 3A applied at a rate of 4.4 kg/ha caused minor injury to
a small percentage of conifers, but at a rate of 2.2 kg/ha caused no injury.
Injﬁry to conifers following triclopyr applications have also been reported

in the Pa;ific'NOIthwest and in Sweden (5,32).

Triclopyr also exhibits some toxicity to agricultural crops, depending
on application rates. Triclopyr applied at a rate of 0.5 1b a.i./acre showed
some inhibition of cucumber yields over periods of at least 3 months follow-
ing application, while rates of 3.0 and 9.0 1lbs a.i./acre showed 50 percént
{nhibition of cucumber yields after a period of at least 4 months (33).
Triclopyr applied at a rate of 0.5 and 1 ounce acid equivalents/acre had very
1ittle noticeable effect on wheat and no noticeable effect in bean stands
planted 3, 8, 12, and 17 weeks after treatment (9). In general, most broad-
leaf crops will tolerate small quantities of triclopyr to a greater ext%pc

than other auxin-type herbicides (14).

Since triclopyr is rapidly degraded by soil microorganisms, there would
not be sufficient residue carryover to cause injury to susceptible species

in the next growing season (8).

4,1 FISH

Both triclopyr and the amine salt formulation Garlon 3A have very low:

toxicity to fish and 10wer~a§udtic organisms:(see Table 1). No.data are

-available on the fate and degradation products'offﬁriclopy:_in fish or lower

- aquatic org;nisms.
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TABLE 1.
~ TRICLOPYR AND GARLON 3A (8,14) -

- Species Exposure Triclopyr Garlon 3A
Bluegiil 96 hr 148 ppm 891 ppm
Rainbow trout 96 hr 117 ppm 552 ppm
Oysters 48 hr — 56~87 ppm
Shrimp 96 hr — 895 ppm
Crab 96 hr ——— >1,000 ppm
4.2 ANIMALS

Based on tests with laboratory animals,

tions are considered to have low toxicities to warm-blooded animals (see

both triclopyr and its formula-

Table 2).
TABLE 2. ACUTE TOXICITY (ORAL LDsg AND LCsg) OF TRICLOPYR AND
ITS FORMULATIONS TO LABORATORY ANIMALS (8,14,34)
Species Triclopyr. Garlon 3A Garlon 4
D50 ]
Rat (female) 630 mg/kg 2,140 mg/kg 2,140 mg/kg
Rat (male) 729 mg/kg 2,830 mg/kg 2,460 mg/kg
Rabbit (mixed) 550 mg/kg —— ——r
Guinea pig 310 mg/kg -— §—
Lo o , |
Mallard duck " >5,000 ppm >10,000 ppm >10,000 ppm
Japanese quail 3,278 ppm —— — _
— 11,622 ppm '9,026 ppm

Bobwhite qudii




Dosages of triclopyr of 30 mg/ﬁg/dayApf;duce& no carcinogenic éffects;
in m@dE and rats (34). Triclopyr was found to be_ non-mutagenic in dominant
lethal and -host medig:éd assay tests (34). It {g considered mildly fetotoxic,
exhibiting 3;reérodh¢five tokicity-effectvdt.ioo mg/kg/day (34).

No- data are available on the insecticidal activity of triclopyr on bene<
ficial insects.

4.3 SOIL MICROORGANISMS

Triclopyr is non-toxic to soil microorganisms. In a laboratory study
_of the effect of 500 ppm of triclopyr on 6 soil microorganisms (Aerobacter

_perogenes, Pseudomonas aeruginosa, Salmonella typhosa, Staphylococcus_aureus,

Aspergillus terreus, and Pullularia pullulams), growth of the microorganisms

was compared to controls (35). After 72 hours of incubation, no apparent

effect was obsérved. The results of laboratory and field studies by Hallborm

and Bergman (36) showed that treatment of Peltigera praetextata lichen and
its free-living pshycobiant algae Nostoc Sp. with Garlon 3A at rates typical-
1y used in forestry applications did not significantly affect the rates of
nitrogen fixation by either organism.

4.5 BIOACCUMULATION

Triclopyr and its degradates trichloropyridinol and trichloromethoxy-
pyridine do not accumulate to any appreciable extent in fish. Several labo-
ratory studies have 4ndicated that these compounds do not accumulate in
edible portions of catfish or in fish heads, viscera‘or skins (37). Moéquito
fish also do not accumulate significant residues of trichloropyridinol (37).

No data are available on the bioaccumulation of triclopyr in animals or

microorganisms.
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